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摘  要 
双螺杆压缩机具有工作可靠、适应性强、易于操作维护和多相混输等优点，
被广泛应用于汽车、压缩机、制冷机、矿山机械、动力机械等工业领域。双螺杆
压缩机的核心部件是一对相互啮合的螺杆转子，螺杆转子加工质量是保证双螺杆
压缩机性能及能效的关键，提高转子加工精度有利于降低其能耗，对节能减排具
有非常重要的意义。随着现代机械设计制造技术的发展，出现了一批专用的数控
螺杆转子加工设备及其配套软件，但其核心技术仍由国外掌握。我国在这一研究
领域还处在刚起步阶段，与世界领先技术相比还有很大差距，且由于欧美等发达
国家的技术封锁，目前我国螺杆压缩机设计制造过程中在型线设计、加工设备、
加工与装配工艺等关键技术领域仍然落后于国外。在此背景下，本论文围绕“基
于螺杆转子型线磨削加工的关键技术研究”这一课题，开展精密、复杂转子型线
的高效、高精度加工技术研究。 
1.论文首先分析了双螺杆压缩机的基本结构、工作原理以及转子型线发展现
状，对阴、阳转子运动关系、接触线、泄露三角形、齿间面积、齿间容积、排量
等几何特性参数进行了研究，并概述了三种常用的转子型线的设计方法，为下文
研究复杂、精密转子磨削加工奠定了一定的理论基础。 
2.为提高转子磨削加工精度，论文针对精密转子的成形磨削方法，推导了转
子磨削用成形砂轮的数学模型。对于计算所得砂轮廓形存在的坏点和不均匀现
象，论文将数值分析领域的小波光顺法和参数三次样条插值法应用到了螺杆压缩
机领域，实现了砂轮廓形自动光顺和插值处理。最后重点研究了砂轮截形计算过
程中中心距和安装角两个关键变量变化对砂轮廓形计算的影响规律。 
3.为全面分析转子磨削过程中包括机床几何误差、热变形误差、力变形误差
等多方面误差形成的综合误差对转子齿廓加工精度的影响，论文提出了一种转子
齿廓磨削误差分析方法，首次建立了包含五个独立(中心距误差、偏心距误差、
轴向位置误差、安装角误差、仰角误差)和一个合成的误差分析数学模型。通过
该误差分析数学模型能够模拟计算砂轮磨削转子后的实际齿廓，进而揭示五项误
差因子对转子齿廓精度的影响规律。 
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4.为提高转子磨削过程中综合误差影响下转子齿廓的加工精度，论文提出了
一种基于成形砂轮再设计的转子齿廓误差补偿方法。相比于两种传统提高机床加
工精度的方法(误差防止法、误差补偿法)，新方法突破了误差防止法在机床自身
精度提高方面困难的局限性，也避免了误差补偿法中误差补偿运动控制难以实
现、数控机床误差的综合建模不够准确、机床误差检测和辨识时间过长、误差补
偿的鲁棒性不高等不足和难点。 
5. 基于机床轻量化设计理念，为避免通过加大机床尺寸、砂轮尺寸等方法
来实现大型螺杆转子的磨削加工，论文提出了一种大型转子分段磨削方法，该方
法可以实现利用普通圆弧砂轮在普通数控螺杆转子磨床上对大型转子进行磨削，
解决了现有大型转子加工困难的问题。 
6.为高效、高精度地解决螺杆转子与成形砂轮之间相互求解的问题，论文提
出了一种基于数字图形扫描法(DGS)的包络成形求解方法，该方法能够避免传统
平面啮合理论中复杂解析计算过程。DGS 方法主要是通过捕捉屏幕像素点阵中
用指定颜色点亮的扫掠面的临界像素点所在坐标值，从而得到扫掠面轮廓数据，
该方法亦可用于齿轮、蜗杆、铣刀等类似共轭产品的设计。 
 
关键词：螺杆转子；误差分析；误差补偿；分段磨削；DGS 
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Abstract 
The advantages of twin-screw compressor include high reliability, good 
adaptability, ease of operation and maintenance, the ability to transport various mixed 
liquids. Thereby, the twin-screw compressor has been widely used in automotive, 
compression, refrigeration, metallurgy, buildings and other industrial field. A pair of 
conjugate screw rotors is the most crucial component of the twin-screw compressor, 
whereby the machining precision of the screw rotors can greatly affect performance of 
the compressor. Rotors manufacturing precision are meaningful to reduce the energy 
consumption and emissions reduction. With the development of modern mechanical 
design and manufacturing technology, a number of specific CNC machines and 
auxiliary software have been developed abroad. In our country, research in this area is 
still in the development stage, key technologies such as profile designing, processing 
equipment, processing and assembly process still have a long distance with developed 
countries because of the technology blockage. Based on this background, the high 
performance and precision processing technology research of accurate and complex 
screw rotors are present in this dissertation. 
1. The fundamental structure, operating principle of twin-screw compressor and 
the development status of rotor profile are introduced firstly. Based on this, the motion 
relationship, contact line, blow hole, area between the tooth, coefficient of useful area, 
volume, displacement and other geometric characteristics of female and male rotors 
are studied. Finally, three frequently-used rotor profile design methods are also 
presented. All of these offer a theoretical foundation for the following research. 
2. Focus on the profile grinding of precision rotor, the dissertation deduced a 
mathematical model of rotor grinding form forming wheel to enhance the machining 
accuracy of rotors. The wavelet based fairing method and parameters cubic spline 
interpolation are used in the field of screw compressor to fairing the bad point and the 
uneven distributions of forming wheel profile. Finally, the influence rules of center 
distance and installation angle on forming wheel profile calculation are investigated 
using variables changing. 
3. In order to comprehensively analyze the influence of the composite error, 
which includes machine tool geometric error, thermal deformation error, force 
deformation error, etc, on the machining precision of rotor profile, a new method of 
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error analysis of rotor profile is presented. This method contains five independent 
error models (centre distance error, offset error, axial position error, setting angle error 
and pitch error) and one synthetic error model. The machined rotor profiles can be 
calculated by the established error models and the effects of each error factor on rotor 
profile are then revealed. 
4. To improve the accuracy of rotor profile which under the influence of 
composite error of machine tool, a new method of rotor profile error compensation 
base on forming wheel redesign is presented. Compared to the traditional method to 
improve the machining accuracy of machine tools (error prevention method and error 
compensation method), the proposed method breaks the limitations of machine tool 
processing accuracy of error prevention method, and also avoids the difficulties (such 
as error comprehensive model of machine tool is not accurate enough, the time of 
machine tool error detection and identification is too long, the robustness of error 
compensation is not high, etc) of error compensation method. 
5. Based on the lightweight design idea of machine tool, a new large rotor 
piecewise grinding method is introduced to avoid the traditional method using large 
machine tool and forming wheel to machine large rotors. The large rotors can be 
machinied by ordinary arc wheel in ordinary CNC screw rotor grinding machine tool 
by the proposed method. 
6. A digital graphic scanning (DGS) method based on computer graphics is 
proposed to solve the problem of the calculation of screw rotor or forming tool. This 
method can avoid the complex analytic calculation in the analytic gearing envelope 
theory. The key technology of DGS is extraction the data of swept surface by 
scanning the pixel matrix of screen and capturing the coordinates of critical pixels of 
specifies color. The DGS method is also fit for the design of gears, worm, milling and 
other envelope method generated products. 
 
Keywords：Screw Rotor；Error Analysis；Error Compensation；Piecewise Grinding；
DGS 
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